Abstract. A modal method for the analysis of surface relief gratings made with anisotropic material is presented. The structure is decomposed into a series of cascaded discontinuities between planar waveguides with strati®ed anisotropic dielectric. The basic problem is formulated by an integral equation which is solved numerically by the method of moments. The mode functions of the periodic region are assumed as basis functions to represent the unknown ®eld on the junctions. Each junction is viewed as a waveguide junction problem and has been characterized by the generalized scattering matrix (GSM). The diraction eciencies of the grating are determined by combining the various GSM. In this way, the analysis method is stable and can be applied also to deep gratings.
Introduction
Diraction gratings are components of great interest for their various applications, for instance, in integrated optics, holography and spectroscopy (Gaylord and Moharam 1985) . Usually, the dielectric is considered to be isotropic, but sometimes also anisotropic materials are used. Then it is important to develop a formalism to analyze these kinds of structures.
Among the methods introduced for the analysis of diraction gratings, one can recall the integral method (Petit 1980) , the coupled wave method (Gaylord and Moharam 1985; Chateau and Hugonin 1994) and the dierential method (Montiel and Neviere 1994) . Anisotropic gratings with modulated refraction index have been analyzed in (Glytsis and Gaylord 1987) . Lamellar gratings were studied in (Mori et al. 1990 ) by the coupled wave method, but the convergence is slow, because the Fourier series is not appropriate to represent a discontinuous index pro®le.
In this paper, we discuss a modal method that is particularly suited for the analysis of dielectric relief diraction gratings with steplike pro®le of the type shown in Fig. 1 .
The approach, already used in the case of isotropic gratings (Orta et al. 1997) , is to view the structure as the cascade of junctions between periodic arrays of slab waveguides with the same period and dierent heights. Each junction is characterized by its Generalized Scattering Matrix (GSM) and the diraction eciencies of the grating are obtained by combining the various GSM according to the rules of circuit theory. The scattering matrix formalism is intrinsically stable and the well-known numerical problems which make dicult the analysis of deep gratings are avoided. See (Li 1996) for an extensive discussion of this issue.
Junction between two planar anisotropic dielectric guides
The main problem in the analysis of the grating of Fig. 1 is the characterization of the junction, at z z j , between two regions consisting of periodic arrays of dielectric slabs, with the same periodicity (lattice step h) but with dierent thickness. The incident ®eld is assumed to be a plane wave with wavevector contained in the xY z plane, forming the angle 5 i with the z axis. The incident plane wave enforces the phase shift over the period k 0 hn 0 sin 5 i , where k 0 is the free space wavenumber and n 0 is refraction index of the medium from which the incident ®eld comes. Thus the structure can be modelled as an inhomogeneously ®lled waveguide with phase shift walls (PSW) (see Fig. 2a ).
This scattering problem can be formulated in terms of an integral equation, which is obtained by applying the Equivalence Theorem. The two regions are decoupled by introducing a perfectly conducting electric or magnetic plate, on which suitable magnetic or electric currents guarantee that the new problem is equivalent to the original one (Auda and Harrington 1983) .
The boundary conditions require the continuity of the tangential electric and magnetic ®elds at the junction. In the case where a magnetic conductor is 
